Background-Behaviourally HIV-infected adolescent females are at higher risk for abnormal cervical cytology and HPV infection compared to those who are uninfected, but data on perinatally HIV-infected adolescent females are lacking.
Introduction
Worldwide, more women lose their lives to cervical cancer than any other cancer [1] , and persistent infection with high-risk types of human papillomavirus (HPV), the most common sexually transmitted disease (STD), is the cause. HIV infection increases a woman's risk for developing cervical cancer by up to 20-fold [2, 3] . Prevalence and incidence of HPV infection among young adults who are sexually experienced is high [4, 5] , especially in resource-limited settings like Thailand, where HPV vaccination is not routinely available. Almost 25% of women younger than 20 years old worldwide are infected with HPV [4] . Over the past decade, those living with HIV are experiencing a rise in incidence and prevalence of genital cancers [6] , probably due to highly active antiretroviral therapy (HAART) improving longevity. Studies in behaviourally HIV-infected female adolescents have noted higher prevalence of HPV infection and squamous intra-epithelial lesions compared to uninfected female adolescents [7] . High-risk HPV types in adolescents are associated with HIV seropositivity, and HPV persists longer in HIV-infected adolescents compared to those uninfected [8] . There is strong evidence for the association between HPV disease progression and degree and duration of immunosuppression among HIV-infected patients. Longer duration of HIV, high HIV RNA level and low CD4 cell count are risk factors for HPV progression to cancer, and the probability of HPV clearance in HIVinfected patients increases with rising CD4 cell counts [7, 9, 10] . Therefore, it is possible that adolescents with longer duration of HIV infection (i.e. perinatally infected) will be at higher risk for HPV infection and progression to cancer than those infected more recently via sexual transmission of HIV (i.e. behaviourally infected). However, previous research has concentrated on behaviourally HIV-infected adolescents and data in perinatally infected adolescents are sorely lacking [7, 8, [11] [12] [13] . In this study, we aimed to determine the prevalence of cervical cytological abnormalities, HPV infection and E6/E7 oncogenic mRNA in perinatally HIV-infected compared to behaviourally HIV-infected and HIV-uninfected female adolescents. We hypothesised that perinatally HIV-infected adolescents would have the highest prevalence of these abnormalities compared to the other two groups.
Methods

Study design and population
This was a feasibility study to explore the prevalence of HPV infection and abnormal cervical cytology amongst female adolescents who were perinatally HIV-infected, behaviourally HIV-infected and HIV-uninfected. A convenience sample of sexually active female adolescents was enrolled and assigned to one of three groups. Group 1 consisted of perinatally HIV-infected adolescents, who were enrolled at the HIV-Netherlands Australia Thailand (HIV-NAT) paediatric HIV research Clinic in Bangkok (n = 16) and the paediatric HIV clinic at Chiangrai Prachanukroh Hospital in Northern Thailand (n = 24). Group 2 consisted of behaviourally HIV-infected adolescents and group 3 included HIV-uninfected adolescents. Both groups 2 (n = 10) and 3 (n = 10) were recruited from the clients who came for HIV testing at the Thai Red Cross Anonymous clinic, one of the largest HIV voluntary counselling and testing clinics in Bangkok, Thailand.
Patients were eligible if they were female, aged 12-24 years old, had a history of vaginal intercourse with a male, and fulfilled the HIV status criteria as follows. Patients aged ≥18 years gave their consent. For patients aged 12-17 years consent was required from both themselves and their parents. The study was approved by the ethics committees of Chulalongkorn University in Bangkok and Chiangrai Prachanukroh Hospital in Chiang Rai.
At recruitment, patients were asked for their medical history and any information relevant to HIV infection, such as antiretroviral therapy (ART) use. CD4 cell count and HIV RNA data were obtained from medical records. All patients underwent physical examination and cervical sample collection in liquid-based cytology fluid (Liqui-PREP fluid, LGM International, Inc., Florida, USA) for cytology. Adolescents with abnormal cervical cytology results were invited back for colposcopy and biopsy. The cytology liquid was also used to determine HPV subtype and E6/E7 oncogenic messenger RNA (mRNA) quantification. An Audio Computer-assisted Self Interview (ACASI) was used to collect general demographic data, as well as sensitive information on sexual behaviour and behavioural risks. At the Bangkok site, patients were asked to return for a 12-month follow-up visit, at which the same procedures were performed.
Cervical cytology
Cervical sample collection was done by an experienced nurse or physician using a combined spatula and cytobrush technique. The cytology slides were read at the Cytology and Pathology Unit at the Department of Obstetrics and Gynecology, Chulalongkorn University by experienced cytotechnicians [10] . Results were classified according to the 2001 Bethesda system as: normal, atypical squamous cell of undetermined significance (ASC-US); atypical squamous cells -cannot exclude high-grade squamous intraepithelial lesion (ASC-H); lowgrade squamous intra-epithelial lesion (LSIL); high-grade squamous intra-epithelial lesion (HSIL); or squamous cell carcinoma. All abnormal cytology slides and a randomly selected 10% of normal cytology slides were reviewed by a senior pathologist, who confirmed the final results.
HPV typing
Stored liquid-based cytology fluid was used for HPV typing by LINEAR ARRAY (LA HPV GT, Roche Molecular Systems, Inc., New Jersey, USA) to identify 37 HPV DNA genotypes: 13 high-risk genotypes (16, 18, 31, 33, 
Quantification of intracellular HPV E6/E7 mRNA
An aliquot from the liquid-based cytology fluid was used for intracellular HPV E6/E7 mRNA flow cytometric analysis using HPV OncoTect E6, E7 mRNA Kit (IncellDx, Menlo Park, CA, USA) [14] . The kit covers the detection of E6/E7 mRNA from HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. Flow cytometry was performed using 3-colour analysis on Beckman Coulter Cytomics FC500. A sample with ≥2% of cells exhibiting E6/E7 mRNA was considered positive. HPV E6/E7 oncoproteins mediate cancer development, and their overexpression can be measured by E6/E7 mRNA.
HPV vaccination
During the conduct of this study, HPV vaccination was offered to adolescents at the two clinics. Two products were used: Cervarix, that protects against HPV 16 and 18 (GlaxoSmithKline Biologicals, Rixensart, Belgium), and Gardasil, that protects against HPV 6, 11, 16 and 18 (Merck & Co, Inc, Whitehouse Station, NJ, USA). The information on uptake of vaccination and number of vaccines received was collected. All adolescents who elected to receive the vaccine had it after completing the baseline visit assessment.
Statistical methods
Demographic and relevant disease-related characteristics of the patient cohort were described and comparisons of categorical covariate across groups were made using a Chisquared test, or Fisher's exact test, as appropriate; continuous covariates across groups were analysed using a Kruskal-Wallis or Mann-Whitney U test, depending on whether comparisons were between all subject groups or among only HIV-infected subjects. Prevalence of abnormal cervical cytology, HPV infection, and E6/E7 mRNA positivity were calculated. The proportion with any abnormal cytology, or differing degrees of abnormal cytology between female adolescents in the three groups were compared using Fisher's exact test. Changes in abnormal cytology and high-risk HPV genotypes over time in a subset with month 12 follow-up were described. Logistic regression models were used to assess predictors of abnormal cervical cytology at baseline in all adolescents; predictor covariates included HPV subtypes, E6/E7 mRNA positivity, sexual and social behaviour. Further models were developed for HIV-infected adolescents to assess the influence of HIV-related characteristics including HAART use, CD4 cell count, HIV RNA suppression, HIV acquisition method, HPV infection and E6/E7 mRNA positivity. Multivariate models were developed including covariates with P < 0.1 in univariate models, and P values in multivariate models were calculated using Wald tests.
Results
Demographic, behavioural and HIV-related characteristics
A total of 60 female adolescents was recruited for the study, 40 of whom were perinatally HIV-infected (group 1), 10 were behaviourally HIV-infected (group 2), and 10 were HIVuninfected (group 3). The demographic characteristics for all adolescents and sexual behavioural characteristics for 58 adolescents who answered the ACASI questionnaire are shown in Table 1 . The perinatally infected patients were younger and had a shorter time since sexual debut. They were more likely to use condoms and less likely to use emergency contraception (i.e. morning after pills). The HIV-uninfected adolescents were more likely to have sex in exchange for money or goods and to smoke cigarettes. More perinatally infected adolescents were on HAART and the duration on treatment was longer compared to those who were behaviourally infected. As a result, group 1 had higher HIV RNA suppression rates (P = 0.004) and tended to have higher CD4 cell counts (P = 0.07) than group 2.
Cervical cytology, HPV infection and E6/E7 mRNA
Overall, 19 of 60 adolescents (31.7%) had abnormal cervical cytology (defined as ASC-US or higher, referred to hereafter as ASC-US+). Prevalence of ASC-US+ were similar among the three groups: 12 perinatally infected (30%), four behaviourally infected (40%) and three HIV-uninfected adolescents (30%), P = 0.92 (Table 2) . LSIL was only observed in perinatally and behaviourally infected adolescents, and no one had HSIL or cancer. We offered colposcopy and biopsy to all adolescents with abnormal cytology with ASC-US+. However only four of 12 perinatally infected adolescents underwent this procedure (three with ASC-US and one with LSIL), while none in the other two groups did (0/4 in group 2 and 0/3 in group 3). Of the three with ASC-US, one had a biopsy result that could not exclude cervical intra-epithelial neoplasia (CIN) so she underwent a loop electrosurgical excision procedure, and the pathology of the tissue showed no CIN. For the other two adolescents with ASC-US, one had no CIN and one had CIN 1 on cervical biopsy. In the last adolescent with LSIL, the biopsy showed CIN 1.
The overall prevalence rates of cervical infection with any HPV and high-risk HPV were 60% and 43%, respectively, and these were not statistically different between groups (Table  2) . Of perinatally HIV-infected adolescents, 58% had any HPV infection, compared with 80% of behaviourally HIV-infected and 50% of HIV-uninfected adolescents (P = 0.32). Furthermore, 45% of perinatally HIV-infected adolescents had high-risk HPV infection, compared to 40% in the other two groups. The frequencies of HPV types did not differ between groups (data not shown), and high-risk HPV types other than those included in preventive vaccines (non-HPV 16, 18) featured prominently in all groups. Of the adolescents with abnormal cytology, 9/12 (75%), 3/4 (75%) and 2/3 (66%) of perinatally infected, behaviourally infected and HIV-negative females had infection with a high-risk HPV type. Infection with two or more high-risk HPV types was observed in about 15% of adolescents, without significant differences between groups. Figure 1 displays the prevalence of HPV types in 40 perinatally HIV-infected adolescents. HPV-16 was most common high-risk subtype (20%), followed by HPV-58 (17.5%) and HPV-51 and HPV-52 (both 7.5%). HPV-18 infection was observed in 2.5%. E6/E7 mRNA positivity was observed in 27.5% (95%CI 14.6-43.8%) perinatally HIV-infected, compared to 0% (95%CI 0-30.8%) in both behaviourally HIV-infected and HIV-uninfected adolescents ( Table 2) .
Predictors for abnormal cytology
Logistic regression analyses were performed to identify factors associated with abnormal cervical cytology (ASC-US+) at baseline among the 60 subjects in the study (Table 3 ). The only factor associated with abnormal cytology was cervical infection with high-risk HPV (OR 6.77, 95% CI 1.99-23.0; P = 0.001). Further models were developed for the 50 HIVinfected adolescents to assess the influence of HAART use, CD4 cell count, plasma HIV RNA ≥50 copies/mL, mode of HIV acquisition, HPV infection and E6/E7 mRNA positivity. In the univariate analyses, infection with a high-risk HPV type, HAART use, lower CD4 counts and plasma HIV-RNA ≥50 copies/mL were all associated with abnormal cytology. In a multivariate model, after adjusting for duration of HAART use and baseline CD4 cell count, cervical infection with high-risk HPV (OR 11.23, 95% CI 1.73-72.97; P = 0.01) and a HIV RNA of ≥50 copies/mL (OR 13.3, 95% CI 1.16-153.06; P = 0.04) were risk factors for abnormal cytology.
Twelve-month follow-up
Forty adolescents at the Bangkok site were asked to return for a 12-month follow-up, and 13/20, 8/10 and 6/10 in groups 1, 2 and 3 did. Three of 27 adolescents had LSIL at baseline (one in group 1 and two in group 2), and by month 12, one had persistent LSIL, one regressed to ASC-US and the other to normal. Seven had ASC-US at baseline. At month 12, the ASC-US lesion had regressed to normal in five adolescents, whereas two, both perinatally infected, progressed to LSIL. Cytology remained normal in 14/17 with normal cytology at baseline. However, two perinatally infected adolescents had progression to either LSIL or ASC-US, and one who was HIV-uninfected had progression to ASC-US. All adolescents who had progression of lesions and the adolescent with persistent LSIL had at least one prior dose of vaccine prior to the 12-month follow-up visit; two of seven adolescents who had regression of lesions had no doses of vaccine, and the remaining five had at least one dose. Of the 27 adolescents with baseline and 12-month cytology results, 10 were infected with ≥1 high-risk HPV subtype at baseline, and of the majority (n = 7/10) had persistent infection of at least one high-risk subtype at month 12 (3/4 in group 1, 2/3 in group 2, 2/3 in group 3). Five acquired a new high-risk subtype at month 12 (three in group 1, and one each in groups 2 and 3). Among 17 with no HPV or no high-risk HPV infection at baseline, eight acquired a new high-risk HPV infection at month 12 (6/9 in group 1, 1/5 in group 2, 1/3 in group 3). In these adolescents, two of those in group 1, and one in group 3 acquired HPV 16 and/or 18 at month 12. Five of six from group 1 had received three doses of vaccine and one received two doses before month 12; the adolescents in groups 2 and 3 received one and two doses of vaccine before month 12, respectively.
Uptake of HPV vaccination
All 60 adolescents in the study were offered HPV vaccination after the first visit, and 52 (87%) received at least one dose of the vaccine. At time of study closure, 41 had completed all three doses and the remaining 11 are scheduled to complete their doses. No adolescent to date has failed to return for scheduled doses. Of the eight adolescents who did not agree to vaccination, two each were in groups 1 and 2, and four were in group 3.
Discussion
There is a paucity of data on cervical HPV infection and cytology among sexually active, perinatally HIV-infected female adolescents [15, 16] . Although conducted in a small cohort, this report is, to our knowledge, among the first. In our adolescents, HPV infection of any type was observed in 58%, including 45% having high-risk HPV infection. This is higher than a US study of non-sexually active perinatally infected children and adolescents, where only 35% of females >12 years of age had any anogenital HPV infection (i.e. vulvar +/− perianal) [17] . We also found that 30% of our perinatally HIV-infected adolescents had abnormal cervical cytology, which was lower than the rate of 47% reported in sexually active perinatally infected adolescents enrolled in the Pediatric AIDS Clinical Trials Group protocol 219C [15] . HPV infection and abnormal cervical cytology were highly prevalent in behaviourally HIV-infected and in HIV-uninfected adolescents, at similar rates. The rate of E6/E7 oncogenic mRNA positivity was 27.5% amongst the perinatally infected adolescents; no adolescents in the other two groups exhibited E6/E7 mRNA positivity, although this should be interpreted with caution due to small sample sizes of these latter groups. Furthermore, infection with at least one high-risk HPV type and detectable plasma HIV-RNA were important predictors of cervical cytological abnormalities.
In our study, the younger and less sexually experienced perinatally infected group had similarly high rates of cervical cytological abnormalities and high-risk HPV infection as the behaviourally infected and uninfected adolescents. This is despite also having higher CD4 cell count and lower HIV RNA than the behaviourally infected adolescents. In addition, in those who returned for their 12-month follow-up, a fair number had persistence or progression of cytological abnormalities and had persistent high-risk HPV infection and/or acquired new HPV infection as observed by Brogly et al. [15] . It is possible that this is a result of prolonged immune suppression from HIV infection. Our perinatally infected adolescents were on average 18 years old and had been on HAART for about 7 years. We do not have information on their CD4 nadir, but they would most likely have initiated HAART according to the Thai National Guideline, which at that time, recommended treatment when the CD4 cell count was below 200 cells/μL or at diagnosis of an AIDS-defining illness. Nadir CD4 counts <200 cells/μL are known to be associated with a higher risk of abnormal cervical cytology in behaviourally infected adults [10] . In our current study, a CD4 cell count < 350 cells/μL was associated with a significantly increased risk of cytological abnormalities. A low CD4 cell count has been associated with cytological abnormalities in other studies [9, 18] . The presence of immune suppression enables persistence of HPV, which in turn is necessary for the development of neoplastic lesions. It is also possible that hormonal surges around puberty can reactivate latent HPV infection, further contributing to the risk of HPV persistence [17] .
ASC-US and LSIL were common among adolescents from all three groups in our study (30%, 40% and 30%, respectively), and none had HSIL or cervical cancer. The rate of ASC-US in our study was similar to that of the Reaching for Excellence in Adolescent Care and Health (REACH) cohort in the US (30%) of behaviourally HIV-infected and -uninfected adolescents. However, REACH had higher rates of LSIL (35%) and HSIL (5%) [7] . Strikingly, the behaviourally HIV-infected adolescents had a much higher rate of HSIL at 22% compared with 5% among HIV-uninfected adolescents (P<0.01) despite the two groups having similar rates of high-risk HPV infection and low-grade cytological abnormality [11] . These data suggest that HIV-infected adolescents are more likely to progress to high-grade lesions, and routine cytological screening in these adolescents should be a priority.
Persistent infection with high-risk HPV is a precursor to cervical cancer [7] [8] [9] 18] . In our study, the rates of infection with high-risk HPV type were also similar among perinatally infected, behaviourally infected and uninfected adolescents, in spite of the HIV-uninfected group having somewhat greater sexual risk behaviours (e.g. number of life-time partners, frequency of sex, sex in exchange for goods or money). These HIV-uninfected adolescents were clients who walked in for HIV testing at the Thai Red Cross Anonymous Clinic, and probably represent a group at higher risk for HIV infection than the general Thai population. The rates of infection with any type of HPV (60%) or high-risk HPV type (43%) in our study are similar to published reports in behaviourally HIV-infected and HIV-uninfected adolescents, highlighting the importance of this infection across settings [7, 8, 11, [19] [20] [21] [22] .
We evaluated the E6/E7 oncogenic mRNA, an early marker of high-risk HPV-mediated cell transformation, among the three groups of adolescents, and observed a positivity rate of about 30% in only the perinatally HIV-infected adolescents. This rate is higher than the 11% observed in HIV-uninfected adolescents of similar ages in a US study [22] . Studies have shown E6/E7 mRNA positivity to be superior to HPV testing in predicting abnormal cervical cytology [23] , and a better predictor for abnormal pathology on biopsy than cytology screening [24] . However, in this study, we did not observe a significant association between E6/E7 mRNA positivity and abnormal cytology.
According to the American College of Obstetricians and Gynecologists, HIV-uninfected adolescents should begin screening for cervical cancer at age 21, regardless of the onset of sexual debut. It is advisable that behaviourally HIV-infected adolescents should have cervical cytology screening twice in the first year after HIV diagnosis and annually thereafter [25] . Although there are no specific guidelines for perinatally HIV-infected adolescents, our data suggest that abnormal cytology can occur within a few years after sexual debut; therefore, these adolescents should begin cervical cytology screening shortly after sexual debut. UK guidelines on the HYPNet website advise annual screening for perinatally infected young people from a year from coitarche with baseline colposcopy [26] .
The best way to prevent HPV infection and subsequently abnormal cervical cytology is to immunise against HPV infection prior to sexual debut. Currently, HPV vaccination in the US is advised for females from the ages of 9 to 26 years old for the bivalent vaccine, and 11 to 26 years old for the quadrivalent vaccine [27] [28] [29] [30] . The rates of uptake vary widely between settings. However, despite the low uptake in the US, a marked decrease in HPV prevalence in females aged 14-19 years has been seen [31] . In Thailand, HPV vaccine is not yet part of routine immunisation, and it costs approximately US$100 per course, which is unaffordable for most Thais. We were able to offer HPV vaccination to all participants in this study because of vaccine donations, and the uptake was high. As the age at sexual debut is becoming younger and HPV prevalence is the highest shortly after sexual debut [19] , government healthcare costs associated with diagnosis and treatment of cases with abnormal cytology, could be significant and outweigh the costs of prevention. In HIV-infected adolescents at high risk for cervical cancer, routine HPV vaccination would be a prudent investment, even for developing countries such as Thailand [32, 33] . Cervical pre-cancer screening programmes using cytology and possibly the addition of other biomarkers such as HPV DNA or E6/E7 mRNA remain essential for early diagnosis and management of cervical cancer.
There are several limitations of our study. First, the small sample size precluded robust statistical comparisons of the prevalence rates of abnormal cytology, E6/E7 oncoprotein and HPV prevalence rates between groups; however, recruitment for the study was difficult, particularly for subjects aged under 18 who may not have wanted their parents to know they were sexually active. Secondly, the longitudinal follow-up rates were low. Nevertheless, these data highlight the high prevalence of cervical cytological abnormalities in adolescent females, and show that high-risk HPV infection in perinatally HIV-infected adolescents can be similar to their behaviourally HIV-infected and uninfected peers, despite being younger and having a shorter time since sexual debut. Table 1 Demographic, sexual and HIV-related characteristics Table 2 Abnormal cytology, HPV infection and E6/E7 oncogenic mRNA positivity Table 3 Logistic regression models for factors associated with abnormal cytology (ASC-US+) on Pap smear at baseline 
